The competent immune system typically limits human cytomegalovirus (HCMV) infection from developing into symptomatic disease but does not eliminate HCMV from the host. HCMV quietly persists until the host becomes immunocompromised, by such conditions as immunosuppressive therapy or human immunodeficiency virus (HIV) infection, and then HCMV may subsequently develop into symptomatic disease (reviewed in reference 2). In order to maintain its anonymity during infection, HCMV has developed strategies to evade immune responses (reviewed in reference 13). The human vasculature has been recognized as a site of HCMV infection and may also be a site of virus latency (16, 27, 29) . As the interface between circulating leukocytes and underlying parenchymal cells, the vascular endothelium provides signals for local response of inflammatory cells. During cell injury, such as viral infection, chemokines are among the first line of effector signals that attract circulating leukocytes to the site of injury (17) . HCMV-associated diseases, such as atherosclerotic lesions, pneumonitis, and retinitis, are characterized by inflammatory responses that might be orchestrated by chemokines expressed at the site of infection.
Early stages of virus infection that include particle binding and internalization activate contrasting responses in the host cell. On one hand, virus infection activates a series of cellular responses that establish an environment for virus replication (reviewed in reference 11), whereas on the other hand, virus infection triggers the cell to broadcast foreign invasion and injury to circulating immune cells (17) . HCMV particles that have been inactivated by UV irradiation are only capable of binding and internalization into the host cells, because viral gene expression and subsequent steps of virus replication do not occur (11) . Thus, UV-irradiated HCMV serves as a model of infection to study the cellular responses that occur at early stages of infection.
Chemokines are small chemoattractant cytokines expressed and secreted as an inflammatory response and function to attract specific immune cells during foreign invasion (i.e., virus infection or tissue wounding). There are four subfamilies of chemokines that are characterized by the position of the first cysteine residues (C, CC, CXC, and CX 3 C). The largest families (CC and CXC chemokines) may also be distinguished by the cells they attract: CC chemokines mobilize mononuclear cells (monocytes, lymphocytes, etc.), and CXC chemokines typically attract neutrophils. In certain inflammatory reactions, the proinflammatory cytokines tumor necrosis factor alpha (TNF-␣) and gamma interferon (IFN-␥) stimulate endothelial cells to express the CC chemokine RANTES, which leads to selective recruitment of circulating cells (18) . Similarly, the early stages of virus infection might activate endothelial cells to express and secrete chemokines as an initial inflammatory response to infection.
HCMV infection activates fibroblasts to express and secrete CC and CXC chemokines (10, 15, 19) . Michelson and colleagues demonstrated that activation of chemokine expression occurred before viral gene expression (19) , thereby suggesting that the response might be a cellular response to announce foreign invasion and to stimulate an inflammatory response. Hirsch and Shenk further demonstrated that a soluble factor in the medium of infected cells activated expression of the chemokine MCP-1, but expression was inhibited during virus replication (15) , and first suggested the notion that transcription of chemokines could be down-regulated during HCMV infection.
HCMV has developed several mechanisms to evade the immune response during infection. Although HCMV infection activates chemokine expression in fibroblasts, it is unclear whether this pattern occurs in endothelial cells. Our infection model of a clinical isolate of HCMV adapted to endothelial cells may provide insights into differences between abortive and replicative infection of endothelial cells. In this paper, we have tested the hypothesis that HCMV replication regulates the immediate response of endothelial cells to express the proinflammatory chemokine RANTES.
MATERIALS AND METHODS
Reagents. Recombinant RANTES, interleukin 8 (IL-8), and Quantikine kits for immunoassay of chemokine protein were obtained from R&D Systems (Minneapolis, Minn.). Actinomycin D was obtained from Sigma Chemical Corp. (St. Louis, Mo.).
Cells. Human umbilical vein endothelial cells (HUVECs) were harvested from umbilical veins by procedures described elsewhere (12) , which were further modified for HCMV infection (5) .
Virus. Human HCMV strain 4010 has been described previously (5) . Cell-free virus was prepared from supernatants of 4010-infected HUVEC cultures that were spun by low-speed centrifugation to remove cells and debris, followed by ultracentrifugation at 72,000 ϫ g at 4°C in an SW28 rotor (Beckman Instruments L5-50 ultracentrifuge). The pellet containing concentrated virus particles was resuspended in medium and stored at Ϫ80°C.
UV-irradiated HCMV (UV-HCMV) was prepared by irradiating cell-free virus stock in a 1-ml dilution of medium at an intensity of 7,000 W/cm 2 (Foto/UV 300 Transilluminator) for 15 min at 4°C.
Immunofluorescence of IE1. HUVECs were seeded onto coverslips and infected with either wild-type HCMV (WT-HCMV) or UV-HCMV at 1 PFU/cell. Following 72 h of infection, the cells were rinsed, fixed in paraformaldehyde, permeabilized with 0.1% Triton-phosphate-buffered saline (PBS), and incubated with monoclonal antibody to the immediate-early protein of HCMV (IE72) (Autogen Bioclear). For visualization, the slides were incubated with rabbit anti-mouse immunoglobulin congugated to tetramethyl rhodamine isocyanate (TRITC) (Dako Corporation, Carpenteria, Calif.) and inspected by fluorescent confocal microscopy.
Filtration of WT-HCMV and UV-HCMV through 100-kDa membrane. Inocula of WT-HCMV and UV-HCMV were divided equally, and one portion of each was filtered through a sterile Ultrafree 100-kDa membrane (Millipore Corp., Bedford, Mass.) according to the manufacturer's instructions. Briefly, inoculum was spun through the Ultrafree filter at 12,000 rpm for 10 min. The filtrate was collected and added to subconfluent monolayers in parallel with unfiltered inoculum.
Quantification of chemokine mRNA. Quantification of relative amounts of mRNA was performed by RNase protection assay (RPA). RNA was isolated from HCMV-and UV-HCMV-infected, as well as uninfected, HUVECs by using Trizol reagent obtained from Gibco-BRL Life Sciences (Gaithersburg, Md.) as recommended by the manufacturer, further purified by precipitation with LiCl, and quantified by spectrophotometry. The RPA was carried out with a RiboQuant multiprobe kit obtained from Pharmingen (San Diego, Calif.). Briefly, a multiprobe cDNA template set (hCK-5) including RANTES was transcribed with T7 polymerase and [ 32 P]UTP (Amersham, Arlington Heights, Ill.) to generate a 32 P-labeled antisense RNA probe. The probe was hybridized with 5 g of RNA for 16 h at 56°C; excess free probe was then digested with RNase for 45 min at 30°C, followed by proteinase K digestion for 15 min at 37°C and ethanol precipitation. The RNase-protected duplexes were resolved on denaturing polyacrylamide gels and analyzed by phosphor screen autoradiography, with quantification of activity by ImageQuant (Storm Optical Scanner; Molecular Dynamics, Sunnyvale, Calif.).
RESULTS
Abortive HCMV infection induces high-level expression of RANTES. In order to determine whether endothelial cells express chemokines during early stages of HCMV infection, pri- mary endothelial cells (HUVECs) were exposed to partially purified cell-free HCMV under conditions in which replicative infection could not occur. Viral gene expression was disabled by UV irradiation of the HCMV inoculum prior to infection, and the absence of replicative HCMV infection was confirmed by analysis of immunostaining for IE72 at 96 h postinfection (Fig. 1) . Endothelial cells infected with WT-HCMV demonstrated staining for IE72 (Fig. 1A) , whereas cells infected with PFU equivalents (units of UV-HCMV infection designated as PFU equivalents because UV-HCMV does not form plaques) of UV-HCMV did not demonstrate any IE72 staining (Fig.  1C) . For each image, a bright-field image was captured that displays the field of cells that were stained with antibody to IE72 (Fig. 1B and D) . In addition, inactivation of virus infectivity of UV-HCMV was confirmed by the absence of viral cytopathology at 96 h postinfection.
During abortive infection, UV-HCMV activated endothelial cells to express high levels of RANTES (4 ng/ml) in the absence of viral gene expression ( Fig. 2A) . In contrast, replicative HCMV infection (WT-HCMV), at the same multiplicity of infection, induced nearly 20-fold less expression of RANTES. As seen in Fig. 2A , the rate of RANTES expression over the time period of 0 to 72 h was significantly greater from cells infected with UV-HCMV than from those infected with WT-HCMV. In a separate assay, collection of culture supernatants at 24-h intervals indicated that RANTES expression peaks at 24 to 48 h from UV-HCMV-infected and WT-HCMV-infected endothelial cells (data not shown). UV-irradiated culture medium did not stimulate HUVECs to express RANTES (data not shown), thereby indicating that RANTES expression is specific to UV irradiation of the virus particles rather than irradiation of the medium of the inoculum. Heat inactivation of HCMV particle infectivity (56°C for 30 min) abrogated the ability of HCMV particles to stimulate endothelial cells to express RANTES (data not shown). Unlike the denaturing effect of heat, UV irradiation of HCMV does not affect the efficiency of binding or internalization of virus particles (14) , although the UV-irradiated virus particle might have altered properties that induce cell signaling. In any case, the early events of virus entry into the cell likely play an important role in the induction of cellular expression of RANTES during HCMV infection.
Endothelial cells constitutively express IL-8, and this expression was not significantly affected by infection with either UVirradiated or WT-HCMV (Fig. 2B) . Quiescent or uninfected HUVECs in culture did not express RANTES but expressed constitutively high levels of IL-8 ( Fig. 2) . Taken together, these data indicate that RANTES but not IL-8 expression in HUVECs is regulated by HCMV infection.
HCMV particles are necessary to induce RANTES expression from endothelial cells. Since viral infection may produce cytokines, such as TNF-␣ and IFN-␥, that are capable of stimulating RANTES expression from HUVECs (18) , and since a soluble factor in infected-cell extracts has been shown to induce HCMV-infected fibroblasts to express the chemokine MCP-1 (15), it was possible that cytokines in our inoculation medium might be responsible for RANTES expression from UV-HCMV-infected endothelial cells. We tested this hypothesis by infection of HUVECs with virus-particle-free filtrates of either WT-HCMV or UV-HCMV ( particles from the inoculum by a 100-kDa-cutoff membrane was confirmed by the absence of HCMV cytopathology in the treated cell cultures. HUVECs incubated with filtrate from either the WT-HCMV or UV-HCMV inoculum did not express RANTES ( Fig. 3A) . Furthermore, neither TNF-␣ nor IFN-␥ was expressed by HUVECs during infection with either WT-HCMV or UV-HCMV (data not shown). Thus, these results suggest that during either abortive or replicative HCMV infection, expression of RANTES from HUVECS is dependent on the interaction of HCMV particles with the host cell. Moreover, RANTES expression during HCMV infection is not due to exposure to residual cytokines or low-molecular-weight stimulatory factors that may be present in the partially purified virus stock.
Could uninfected bystander cells be contributing to RANTES expression? The level of infection used in our model was approximately 1 cell infected per 20 uninfected cells. We chose this level of infection in order to model the relatively low level of HCMV infection that is typically demonstrated in immunohistochemically stained tissue samples of in vivo HCMV infection (3, 28, 30) . If uninfected bystander cells were responsible for high-level RANTES expression during low-level infection, then a similar assay at a high level of infection, in which every cell demonstrated HCMV cytopathology, would demonstrate lower levels of RANTES due to the absence of uninfected bystander cells. Interestingly, we found that high PFU equivalents of UV-HCMV stimulated proportionately high levels of RANTES (Fig. 3B) . At 48 h postinfection, HUVECs infected with a low multiplicity of infection (PFU equivalents) of UV-HCMV or WT-HCMV expressed approximately a 7.5-foldlower level of RANTES than that expressed at a high multiplicity of infection of UV-HCMV or WT-HCMV (Fig. 3B) . Moreover, at both low and high multiplicities of infection, the PFU equivalents of UV-HCMV stimulated an approximately 12-fold-greater level of RANTES than WT-HCMV infection of HUVECs. Thus, these data suggest that it is the cells infected with HCMV particles that express RANTES, rather than the neighboring uninfected cells.
Replicative HCMV infection controls abundance of RANTES mRNA in endothelial cells. In order to determine whether HCMV replication might regulate RANTES mRNA, we assayed the relative levels of steady-state mRNA of RANTES and other chemokines in WT-HCMV-and UV-HCMV-infected HUVECs by RPA (Fig. 4) . Total RNA was isolated from HUVEC cultures infected with WT-HCMV and UV-HCMV during 3 days of culture, and specific chemokine RNA was quantified. During infection with UV-HCMV, RANTES mRNA was detected at 12 h, peaked at 24 h, and decreased at 48 h postinfection. In contrast, infection with WT-HCMV induced significantly lower levels of RANTES mRNA at 12 and 24 h. Expression of RANTES mRNA in both WT-HCMV and UV-HCMV cultures was not detected at 6 h or earlier (data not shown). Message for the C chemokine lymphotactin was also expressed at 12 and 24 h postinfection in the UV-HCMV-infected HUVECs but was undetectable in the WT-HCMV-infected HUVEC cultures (Fig. 4) . There was no difference in expression of MCP-1 and IL-8 in the WT-HCMV and UV-HCMV cultures (Fig. 4) , as well as mock-infected HUVECs (data not shown). Message of CC chemokines MIP-1␣ and MIP-1␤ was not detected in HUVECs. These results demonstrate that the levels of steady-state RANTES mRNA are consistent with the respective protein levels in abortive and replicative HCMV infection of HUVECs. Moreover, these results suggest that replicative HCMV infection may partially inhibit expression of RANTES and lymphotactin mRNA.
RANTES mRNA is not rapidly degraded during infection of endothelial cells with WT-HCMV. The stability of mRNA in eukaryotic cells can vary according to cell type or extracellular stress (25) . In order to determine whether the lower steadystate levels of RANTES mRNA from the WT-HCMV-infected HUVECs represented differential RNA stability during replicative HCMV infection, we analyzed the stability of the transcripts in the presence of RNA synthesis inhibitor actinomycin D. Cultures of HUVECs were infected with either WT-HCMV or UV-HCMV for 18 h to initiate RANTES mRNA synthesis, and then the medium was supplemented with actinomycin D. At specific times during the actinomycin D chase, the cells were harvested for total RNA and assayed by RPA for levels of chemokine mRNA (Fig. 5A) . Although UV-HCMV-infected cultures express significantly more steady-state RANTES mRNA than WT-HCMV-infected cultures, the rate of RANTES message degradation during the actinomycin D chase did not differ significantly between the two cultures (Fig. 5B) . The levels of MCP-1 and IL-8 mRNA did not significantly differ between the two infection cultures, thereby underscoring the specific inhibitory effect of HCMV replicative infection on RANTES ex- pression. These results indicate that the newly transcribed RANTES mRNA is relatively stable in endothelial cells infected with WT-HCMV or UV-HCMV, and hence, alterations in steady-state RANTES mRNA during replicative infection may represent effects on transcription.
Replicative HCMV infection inhibits UV-HCMV-induced RANTES expression. Our results thus far involved infection in parallel cultures, so we next investigated coinfection of cultures with WT-HCMV and UV-HCMV to determine which mechanism of RANTES expression is dominant. The assay was designed to determine whether the mechanism of WT-HCMV regulation of RANTES expression would predominate during coinfection with UV-HCMV and block UV-HCMV-induced high-level RANTES expression. Endothelial cells were coinfected with WT-HCMV at a high level of infection (multiplicity of infection of 1 PFU/cell) and with UV-HCMV at a lower level of infection (multiplicity of infection of 0.2 PFU/cell) (Fig. 6A) . Mock-infected endothelial cells were infected with UV-HCMV in the same manner. As expected, mock infection did not stimulate any RANTES expression, and WT-HCMV infection stimulated moderate levels of RANTES (Fig. 6A) . Addition of UV-HCMV to the cultures stimulated significantly less RANTES in the WT-HCMV-infected cells (0.8 ng) than in mock-infected cells (2.1 ng). The level of RANTES expression was unchanged whether UV-HCMV was added simultaneously (time zero) with WT-HCMV infection or 90 min following WT-HCMV infection. Thus, the inhibitory effect not only occurred early but was sustained for the first 90 min of infection. These data suggest that WT-HCMV regulation of RANTES expression predominates in the infected cells and at least partially inhibits the responsiveness of the cells to coinfection by UV-HCMV.
Alternatively, we set up the converse assay in order to determine whether high-level infection with UV-HCMV would dominate and overwhelm the regulatory effect of WT-HCMV on RANTES expression. Endothelial cells were coinfected with 1 PFU equivalent of UV-HCMV/cell and with fivefold less WT-HCMV (0.2 PFU/cell), which was added either simultaneously (time zero) or after 90 min of UV-HCMV treatment (Fig. 6B) . As expected, UV-HCMV stimulated high levels of RANTES (13 ng/ml), but in the presence of WT-HCMV infection, RANTES expression from the coinfected cultures was (Fig. 6B) . Infection of mockinfected HUVECs with WT-HCMV (0.2 PFU/cell) resulted in very low levels of RANTES expression (0.5 ng/ml). Simultaneous addition of WT-HCMV was slightly more effective than addition following a 90-min delay in reducing the effect of UV-HCMV. These data support the hypothesis that infection of endothelial cells with WT-HCMV down-regulates expression of RANTES induced by infection with UV-HCMV. The high efficiency of low-level WT-HCMV infection to inhibit high-level UV-mediated RANTES expression during coinfection suggests that additional factors may be involved in concert with infection. The supernatants from WT-HCMV and UV-HCMV cultures at 24-h intervals following infection were assayed for secretion of cytokines with immunosuppressive properties: IL-10, IL-4, and TGF-␤. In replicate assays, IL-10 or IL-4 could not be detected, and TGF-␤ was detected but in comparable amounts in the supernatants from WT-HCMV and UV-HCMV cultures (data not shown). In addition, supernatants from HCMV-infected HUVECs were transferred to UV-HCMV-infected cultures at various times postinfection (3, 18 , and 24 h) to determine whether suppressive factors that might inhibit RANTES expression are secreted during WT-HCMV infection. The WT-HCMV supernatants did not significantly alter the level of RANTES expression from the UV-HCMV-treated cells (data not shown). Thus, it seems unlikely that a viral or cell protein that suppresses RANTES expression from neighboring cells is secreted during viral replication.
DISCUSSION
In this study, we report that abortive infection of primary endothelial cells (HUVECs) by UV-irradiated HCMV (which allows virus entry and uncoating but blocks viral gene expression) stimulates robust expression of RANTES from infected endothelial cells. Replicative HCMV infection, on the other hand, results in significantly less, although still physiologically relevant, RANTES expression. We propose that endothelial cells respond to inactive HCMV by expressing high levels of RANTES but this response is partially inhibited during active HCMV infection of endothelial cells.
We confirmed that RANTES expression during HCMV infection was independent of the presence of uninfected bystander cells or proinflammatory low-molecular-weight proteins in the inoculum. In assays in which every cell was infected with HCMV, there was still a Ͼ10-fold decrease in RANTES expression during replicative HCMV infection compared to the level of RANTES expressed during abortive HCMV infection. Furthermore, in assays in which virus particles were removed from the inoculum by filtration, neither the filtrate of the WT-HCMV inoculum nor that of the UV-HCMV inoculum stimulated expression of RANTES from HUVECs. This finding was interesting, since Hirsch and Shenk reported that a filterable factor present in the infection inoculum was responsible for the high-level MCP-1 expression during infection of fibroblasts with an attenuated strain of HCMV (15) . Our results also raised the possibility that proinflammatory mediators might be expressed during abortive infection, which in turn might stimulate RANTES expression. We found that abortive HCMV infection (by WT-HCMV) does not induce HUVECs to express TNF-␣ or IFN-␥, two cytokines that stimulate HUVECs to express RANTES (18), although we note that other, as-yet-undetermined mediators might be expressed. In this report, our data provide evidence that the interaction between the HCMV particles, either noninfectious (UV-HCMV) or infectious (WT-HCMV), and endothelial cells is required for high-level RANTES expression. We propose that when HCMV particles associate with endothelial cells, signals are relayed by the cell to broadcast foreign invasion. Thus, since there may be a significant population of noninfectious particles to perpetuate the cell's response to express RANTES, we suggest that during replication, HCMV dampens this particular cellular response to viral infection.
Our next experiments were designed to determine whether regulation of RANTES expression during replicative HCMV infection occurred at the level of transcription. By analysis of chemokine mRNA with a multiplex RPA directed to identify several chemokine RNA species, we demonstrated that during abortive HCMV infection of HUVECs (infection with UV-HCMV), mRNA of both lymphotactin and RANTES is upregulated at 12 h and peaks at 24 h postinfection. The level of RANTES message was significantly lower during replicative HCMV infection than during abortive infection, thereby indicating that alterations in steady-state mRNA are reflected in the alterations in protein in these cultures. Interestingly, WT-HCMV specifically down-regulated RANTES and lymphotactin message. The levels of MCP-1 and IL-8 message were unaffected by WT-HCMV infection, thus indicating that WT-HCMV infection does not have a global inhibitory effect on the expression of chemokines.
We determined that RANTES mRNA is stable following transcription in HCMV-infected HUVECs by analysis of steady-state mRNA during actinomycin D chase assays. These results demonstrated that the diminution of steady-state RANTES mRNA during replicative HCMV infection of endothelial cells does not reflect message degradation following transcription. The relative stability of message in both WT-and UV-HCMV-infected endothelial cells suggests that the steadystate levels determined by RPA may reflect transcriptional regulation in our system. Hence, we conclude that HCMV replication down-regulates cellular expression of RANTES at the level of transcription in endothelial cells.
The coinfection studies addressed whether inhibition of RANTES expression might be regulated by successful competition of cell surface receptors by WT-HCMV particles. We determined that a greater population of WT particles than UV-irradiated particles overrides the stimulatory effect of UV-HCMV. While this result suggests that WT particles are successfully competing with UV-irradiated particles for receptor sites, the effect was also demonstrated when the cells were infected with WT-HCMV 90 min prior to infection with UV-HCMV (Fig. 6A) . Thus, either receptor desensitization persists for greater than 90 min, or additional factors besides receptor competition might be involved. In the converse assay, a greater population of UV-irradiated particles than WT particles did not completely override the inhibitory effect of WT-HCMV infection (Fig. 6B) . These results, therefore, suggest that WT-HCMV particles are able to infect HUVECs despite the high-level competition from noninfectious particles and that this infection efficiently regulates RANTES expression. Given that many of the well-documented immunosuppressive cytokines are not expressed by endothelial cells during HCMV infection and that supernatants from WT-HCMV cultures do not affect UV-HCMV-induced RANTES expression, we propose that a viral mechanism within the cell regulates the expression of RANTES.
Unlike most other proinflammatory signals expressed during cell activation, RANTES is expressed by T cells and endothelial cells at significantly later times-as late as 48 h to 5 days following cell activation (18, 26) . Therefore, the expression timetable in our system is typical for RANTES: RANTES message was not detected at 6 h, was detected in low levels at 12 h, and reached maximum expression at 24 h postinfection with either UV-HCMV or WT-HCMV (Fig. 4) . This delayed period between activation and expression of RNA message may allow the virus to establish inhibitory mechanisms to regulate transcription.
Nelson and colleagues characterized the transcriptional regulation of RANTES expression and determined that the region immediately upstream of the RANTES gene contains an unusually large number of potential binding sites for transcription factors (20) . They concluded that the RANTES gene has the potential to be regulated by a wide range of transcriptional controls in different tissues (20) . We have begun studies to determine whether RANTES promoter activity is regulated during HCMV infection. In our transfection system in HUVECs, the RANTES promoter linked to a luciferase reporter was very sensitive to and rapidly activated by WT-HCMV infection, whereas UV-HCMV infection did not significantly affect RANTES promoter activity (data not shown). These results are opposite from the transcription levels of RANTES that we report in expression assays with the endogenous promoter (Fig. 4 and 5) . Therefore, we believe that either we have an incomplete RANTES promoter that lacks a suppressor site that is activated during HCMV infection or that the mechanism of transfected promoter activity does not use machinery similar to endogenous promoter activity in the same cell. Thus, we speculate that binding of the virus particle to the cell activates a specific transcription factor that initiates RANTES transcription in endothelial cells but that during HCMV replication, a virally induced suppressor protein is activated that down-regulates transcription of this proinflammatory chemokine.
Increased levels of RANTES have been reported for several diseases that are associated with HCMV infection. Compared to controls, patients with atherosclerosis demonstrate higher levels of RANTES RNA in coronary arteries, and patients with chronic renal failure or chronic renal transplant rejection have significantly higher levels of RANTES protein in their plasma (9, 23) . Interestingly, a study of patients with chronic renal transplant rejection indicated that those who develop HCMV infection have significantly lower levels of RANTES in their plasma than those without HCMV infection (9) . This finding supports our hypothesis that HCMV may down-regulate expression of RANTES during active viral infection.
The lung is also a prominent site of RANTES expression during disease. RANTES is expressed during HCMV pneumonitis, but the levels (100 to 200 pg/ml) may represent lower levels than those in non-HCMV pneumonitis. RANTES has been detected in lung tissues of other diseases-for example, interstitial lung disease (24) and non-infection-related pneumonitis (21)-and in some instances, RANTES is expressed at significantly high levels during disease, for example, allergic asthma (1) and respiratory syncytial virus infection (4). Crosscomparison of these studies is difficult because of the different methods of detection (RNA versus protein). Thus, further studies must be done that examine the levels of RANTES from patients with non-HCMV pneumonitis compared to those from patients with HCMV pneumonitis. These studies will provide insight to whether active HCMV infection down-regulates RANTES expression in patients with pneumonitis.
In addition to regulating expression, HCMV has evolved other mechanisms to modulate extracellular chemokine levels. Recent data from our and other laboratories indicate that HCMV encodes a receptor for RANTES, US28, that binds and internalizes extracellular RANTES (6, 7) and in doing so effectively depletes RANTES from the surrounding medium. Although it might be attractive to suggest that US28 may account for reduced RANTES expression during replicative infection, as presented in this paper, we reason that US28 is not a likely candidate. We have shown that expression not only of RANTES protein but also of RANTES mRNA is reduced. In addition, reduced RANTES mRNA is detected as early as 12 h postinfection, whereas US28 is not functionally active on the infected cell surface until late in infection (approximately 72 h postinfection) (5) . Thus, HCMV may have developed two mechanisms to down-regulate RANTES expression. At early times of infection, HCMV partially inhibits RANTES mRNA transcription, and at late times of infection, HCMV-infected cells express a RANTES receptor, US28, that depletes accumulating extracellular concentrations of RANTES (6) .
The results presented here suggest that HCMV may downregulate expression of chemokines that not only recruit monocytes/macrophages (RANTES) and lymphocytes (lymphotactin or RANTES) but also promote transmigration of lymphocytes across the endothelium. Recent reports suggest that RANTES and lymphotactin enhance movement of lymphocytes across HUVECs (8) , while other chemokines, such as MIP-1␣, MIP-1␤, MCP-1, and IL-8, did not demonstrate a selective ability to induce lymphocyte migration across HUVECs (8) and were not regulated in our system (Fig. 4) . Taken together, our results suggest that during HCMV infection of HUVECs, the virus down-regulates expression of chemokines such as RANTES and lymphotactin that may be involved in defense against virus infection.
Thus, we speculate that during HCMV infection-for example, during HCMV retinitis, in which mononuclear cells are typically absent from the inflammatory response to infection (22)-RANTES expression is down-regulated to limit monocyte and/or lymphocyte recruitment to the site of infection. These results may underscore the importance of RANTES as an innate cellular response to viral infection. Diminution of RANTES expression during infection may mask the infected cells from circulating mononuclear cells and thus reduce recruitment of these cells to the infected endothelium.
